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(57)  Abattery system (10) includes: a power detector
that detects output power from an external power source
(100); a charging mechanism (30, 32, 34) that charges
a main battery by external power; a temperature raising
mechanism (26) that raises a temperature of the main
battery to a temperature not lower than a reference tem-
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erislower than areference power, the controller prohibits
a temperature raising process with an SOC of the main
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a charging process.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a battery sys-
tem provided with a vehicle-mounted battery that sup-
plies power to a rotary electrical machine for traveling
and is rechargeable by external power supplied from an
external power source.

BACKGROUND

[0002] Intherelated art, electric vehicles such as elec-
tric cars or hybrid cars that travel by using motive power
from a rotary electrical machine are widely known. The
electric vehicles are normally provided with a battery that
supplies power to the rotary electrical machine. The bat-
tery may be charged by external power supplied from an
external power source. In order to perform external
charging, the electric vehicle is brought into a plug-in
state in which a charging plug provided on the electric
vehicle is connected to the external power source.
[0003] Itis known thatthe battery’s performance is low-
ered when the temperature is excessively low. Therefore,
in the related art, if the temperature of a battery is low at
the time of the external charging, a battery temperature
raising process is performed in parallel to a battery charg-
ing process (For example, see JP 2015-159633 A).
[0004] The maximum output power of the external
power source differs depending on the type of facility,
country, region, and the like where the external power
source is installed. For example, the maximum output
power supplied from the external power source is pre-
scribed by a law of each country or by private standards
(for example, JEAC, etc.), and there are some countries
in which the maximum output power of the external power
source is low. In addition, there are many countries and
regions in which power quality is low, and thus there is
often a case where a nominal power fails to be supplied.
[0005] If the charging and temperature raising proc-
esses are performed in the same manner as in a case
where output power from the external power source is
high when the output power from the external power
source is low as described above, the charging process
and the temperature raising process might fail to be ad-
equately performed. For example, when a plug-in con-
nection is established, the battery system normally starts
charging the vehicle-mounted battery and, if necessary
(if the battery temperature is low), also starts raising the
battery temperature. However, when the charging and
temperature raising processes are performed in parallel
in a state in which the maximum output power from the
external power source is low, power which can be used
for charging the battery is significantly lowered, and thus
a significant increase in time required for completing the
charging process may result.

[0006] JP 2012-178899 A discloses a technology in
which a threshold temperature is set in accordance with
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the maximum output power from the external power
source, and if the battery temperature is not lower than
the threshold temperature, only the charging process is
performed without raising the temperature, and if the bat-
tery temperature is lower than the threshold temperature,
only the temperature raising process is performed with-
out charging the battery. According to this technology,
the charging and temperature raising processes are not
performed simultaneously.

[0007] According to JP 2012-178899 A, when the bat-
tery temperature is low, the temperature raising process
is given priority over the charging process. However,
when the plug-in connection is established, a user gen-
erally wants to charge the battery, but not raise the tem-
perature. According to the technology disclosed in JP
2012-178899 A, when the battery temperature is low, the
priority is given to the temperature raising process over
the charging process against the intention of the user.
Consequently, the battery may fail to be charged rapidly.

SUMMARY

[0008] Accordingly, it is an object of the invention to
provide a battery system in which a battery is charged
rapidly upon establishment of a plug-in connection even
when an output power from an external power source is
low.

[0009] A battery system disclosed in the present ap-
plication is a battery system including a vehicle-mounted
battery that supplies power to a rotary electrical machine
for traveling and is rechargeable by external power sup-
plied from an external power source, the battery system
including:

a power detection mechanism that detects output
power from the external power source in a plug-in
state in which the external power source is connect-
ed to the vehicle-mounted battery; a charging mech-
anism that charges the vehicle-mounted battery by
the external power; a temperature raising mecha-
nism that raises a temperature of the vehicle-mount-
ed battery to a temperature not lower than a pre-
scribed reference temperature; and a control unit
that controls the charging mechanism and the tem-
perature raising mechanism, wherein in a low-power
state in which the output power detected by the pow-
er detection mechanism is lower than a prescribed
reference power, the control unit prohibits a temper-
ature raising process by the temperature raising
mechanism with an SOC (state of charge) of the ve-
hicle-mounted battery lower than a prescribed
charge reference value, and causes the charging
mechanism to perform a charging process.

[0010] In this configuration, rapid charging to the
chargereference valueis achieved evenin the low-power
state.

[0011] In the low-power state, the control unit may
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cause the charging mechanism to charge the vehicle-
mounted battery until the SOC of the vehicle-mounted
battery reaches a charge stop value which is higher than
the charge reference value, and then if the temperature
ofthe vehicle-mounted battery is lower than the reference
temperature, cause the temperature raising mechanism
to start the temperature raising process.

[0012] In this configuration, the temperature raising
process may be started in a state in which surplus power
required for the temperature raising process is secured.
[0013] Inthelow-power state, ifthe SOC of the vehicle-
mounted battery is lowered to a level below the charge
reference value during the temperature raising process
by the temperature raising mechanism, the control unit
may stop the temperature raising process by the temper-
ature raising mechanism, and charge the vehicle-mount-
ed battery to the charge stop value by the charging mech-
anism.

[0014] In this configuration, the SOC is prevented from
lowering to a level below the charge reference value.
[0015] The control unit may cause the vehicle-mount-
ed battery to be charged by the charging mechanism
after completion of the temperature raising process by
the temperature raising mechanism until the SOC of the
vehicle-mounted battery reaches the charge stop value.
[0016] In this configuration, the control unit may wait
in a state of having a surplus power over that required
for the temperature raising process.

[0017] The control unit may perform the charging proc-
ess by the charging mechanism and the temperature
raising process by the temperature raising mechanism
in parallel in a normal power state in which the output
power detected by the power detection mechanism is not
lower than the reference power.

[0018] In this configuration, when a surplus of power
remains in the normal power state, both of the tempera-
ture raising process and the charging process may be
completed rapidly.

[0019] According to the configuration disclosed in this
application, rapid charging to the charge reference value
may be achieved even in the low-power state. Conse-
quently, the intention of the user who has connected the
vehicle via the plug-in connection is achieved more rap-
idly.

BRIEF DESCRIPTION OF DRAWINGS

[0020] Embodiment(s) of the present disclosure will be
described by reference to the following figures, wherein:

Fig. 1 is a block diagram illustrating a configuration
of a battery system;

Fig. 2 is a drawing illustrating a difference in ratio of
power consumption depending on a maximum out-
put power;

Fig. 3 is a flowchartillustrating a flow of charging and
temperature raising processes when a plug-in con-
nection is established;
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Fig. 4 is a flowchart illustrating a flow of a normal
process;

Fig. 5 is a flowchart illustrating a flow of a process
for low power;

Fig. 6 is a flowchart illustrating a flow of an external
power source monitoring process performed in the
normal process;

Fig. 7 is a flowchart illustrating a flow of an external
power source monitoring process performed in the
process for low power;

Fig. 8 is a drawing illustrating an example of the
charging and temperature raising processesinanor-
mal power state; and

Fig. 9 is a drawing illustrating an example of the
chargingand temperature raising processes in alow-
power state.

DESCRIPTION OF EMBODIMENTS

[0021] Referring now to drawings, an embodiment will
be described below. Fig. 1is a drawingillustrating a sche-
matic configuration of a battery system 10 according to
the embodiment. The battery system 10 is mounted on
an electric vehicle provided with a rotating electrical ma-
chine MG as a motive power source of the vehicle. Ex-
amples of the electric vehicle include electric cars that
travel only by a motive power from the rotating electrical
machine MG, and hybrid cars that travel by motive pow-
ers from the rotating electrical machine MG and an en-
gine.

[0022] The battery system 10 includes a main battery
12 that charges and discharges power, a charging mech-
anism that charges the main battery 12 by external pow-
er, a temperature raising mechanism that raises the tem-
perature of the main battery 12, and a controller 20 that
controls driving of these members. The main battery 12
includes a plurality of electrical cells 12a connected in
series. Examples of the electrical cells 12a that may be
used here include secondary batteries such as nickel hy-
dride batteries and lithium ion batteries. An electric dou-
ble-layer capacitor may be used instead of the secondary
batteries. A configuration of the main battery 12 may in-
clude the plurality of electrical cells 12a connected in par-
allel.

[0023] The main battery 12 is connected to an inverter
16 via a system main relay 14. The system main relay
14 is switched between ON and OFF by the controller
20. When the system main relay 14 is turned ON, the
inverter 16 and a DC/DC converter 22 are electrically
connected to the main battery 12. The inverter 16 con-
verts a DC power supplied from the main battery 12 to
an AC power and outputs the same to the rotating elec-
trical machine MG. The rotating electrical machine MG
generates kinetic energy for causing the vehicle to travel
upon reception of the AC power output from the inverter
16. The rotating electrical machine MG converts kinetic
energy generated when braking the vehicle and kinetic
energy output from an engine (notillustrated) into electric
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energy. The inverter 16 converts an AC power (regener-
ated power) generated by the rotating electrical machine
MG to a DC power, and supplies the same to the main
battery 12. Accordingly, the main battery 12 is charged.
A DC/DC converter may be provided between the invert-
er 16 and the main battery 12. The DC/DC converter
described above reduces the voltage of power from the
inverter 16 and outputs the power reduced in voltage to
the main battery 12, and raises the voltage of the power
from the main battery 12 and outputs the power raised
in voltage to the inverter 16.

[0024] A voltage value and a current value of the main
battery 12 are detected by a voltage sensor and a current
sensor, respectively, (both are unillustrated) and are in-
put to the controller 20. A temperature sensor 18 that
detects a temperature (battery temperature Tb) of the
main battery 12 is provided in the vicinity of the main
battery 12. The temperature sensor 18 functions as a
battery temperature acquiring unit that acquires the bat-
tery temperature Tb. The battery temperature Tb detect-
ed by the temperature sensor 18 is input to the controller
20. One or a plurality of the temperature sensors 18 may
be provided. The plurality of temperature sensors 18,
when provided, may be disposed at different positions.

[0025] The controller 20 computes a current SOC of
the main battery 12 from the detected voltage value, cur-
rent value, and battery temperature Tb. The SOC indi-
cates a ratio of a current charge capacity with respect to
a full charge capacity of the main battery 12. Hereinafter,
the current SOC value obtained by computation is re-
ferred to as a "current charge value Cb."

[0026] The DC/DC converter 22 is also connected to
the main battery 12. The DC/DC converter 22 is connect-
ed in parallel to the inverter 16. An auxiliary battery 24
and a heater 26 are connected to the DC/DC converter
22.The DC/DC converter 22 reduces the output voltage
of the main battery 12, and supplies the power reduced
in voltage to the auxiliary battery 24 and the heater 26.
The operation of the DC/DC converter 22 is controlled
by the controller 20.

[0027] The heater 26 is provided in the vicinity of the
main battery 12, and constitutes the temperature raising
mechanism that raises the temperature of the main bat-
tery 12. The heater 26 is driven by the power from the
main battery 12. The power from the main battery 12 is
reduced in voltage by the DC/DC converter 22, and is
supplied to the heater 26. A temperature raising relay 28
is provided in a current route between the DC/DC con-
verter 22 and the heater 26. The temperature raising relay
28 is switched between ON and OFF upon reception of
a control signal from the controller 20. When the temper-
atureraising relay 28 is turned ON, predetermined power
is supplied from the DC/DC converter 22 to the heater
26, so thatthe heater 26 generates heat. When the heater
26 generates heat, the temperature of the main battery
12 rises. Driving of the temperature raising relay 28 is
controlled by the controller 20.

[0028] The charging mechanism is also connected to
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the main battery 12. The charging mechanism is a mech-
anism that charges the main battery 12 by the power from
an external power source 100 (external power), and in-
cludes a charging relay 34, a charger 30, and an inlet 32.
The charging relay 34 is a relay provided between the
charger 30 and the main battery 12, and is turned ON or
OFF upon reception of the control signal from the con-
troller 20. When the charging relay 34 is turned ON, pow-
er from the external power source 100 is supplied to the
main battery 12, so that the main battery 12 is charged.
[0029] When the external power is an AC power, the
charger 30 converts the AC power to a DC power. The
inlet 32 is a connector which allows connection of a charg-
ing plug 102 provided on the external power source 100
(forexample, a commercial power source). The controller
20 monitors a state of connection between the inlet 32
and the charging plug 102; that is, whether the vehicle
is in a plug-in state in which the charging plug 102 is
inserted into the inlet 32 or in a plug-out state in which
the charging plug 102 is not inserted into the inlet 32.
[0030] A power detector 36 is connected between the
charger 30 and the charging relay 34. The power detector
36 detects the maximum output power P of the connected
external power source 100 in the plug-in state. The de-
tected maximum output power P is output to the controller
20.

[0031] The controller 20 functions as a control unit that
controls the charging mechanism described above, the
temperature raising mechanism, and the like. The con-
troller 20 includes a CPU 38 and a memory 40. The CPU
38 performs various computations. The memory 40
memorizes programs required for control, various preset
control parameters, detected values detected by various
sensors, and the like.

[0032] The external charging to be performed by the
battery system 10 will be described below. When charg-
ing of the main battery 12 with the external power is de-
sired, a user inserts the charging plug 102 of the external
power source 100 into the inlet 32 of the vehicle to
achieve the plug-in state. Once in the plug-in state, the
controller 20 charges the main battery 12 by using the
external power until the main battery 12 reaches a pre-
determined SOC.

[0033] In order to perform the external charging of the
main battery 12, the controller 20 memorizes two thresh-
old values; that is, a charge reference value C1 and a
charge stop value C2, in the memory 40. The charge
reference value C1 is an SOC value that may be recog-
nized as being fully charged, and is, for example, a value
of approximately 80%. The charge stop value C2 is a
value including some surplus value o.added to the charge
reference value C1. In other words, the expression C2=
C1+ a is established. The surplus value a is set in ad-
vance in accordance with the capacity of the main battery
12 and the characteristics (for example, power consump-
tion) of the heater 26. The surplus value a. may be set to
values that correspond to power consumed by the heater
26 for raising the temperature of the main battery 12, and
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the surplus value a may be, forexample, several percent.
During the external charging, the controller 20, in princi-
ple, starts a supply of power to the main battery 12 if the
SOC (current charge value Cb) of the main battery 12 is
not higher than the charge reference value C1, and stops
the supply of power when the current charge value Cb
reaches the charge stop value C2.

[0034] Itis known that excessively low battery temper-
ature Tbresults in problems such as lowering of an output
from the main battery 12 and reduction of a chargeable
capacity. Therefore, the controller 20 also drives the
heater 26 to raise the temperature of the main battery 12
when the battery temperature Tb is low. For raising the
temperature of the main battery 12, the controller 20
memorizes two threshold values; that is, a temperature
raising reference temperature Ts and a temperature rais-
ing stop temperature Te, in the memory 40. The temper-
ature raising reference temperature Ts is a value set in
accordance with the characteristics of the main battery
12 or the like, and may be set to values, for example,
around 0°C. The temperature raising stop temperature
Te is a value obtained by adding some hysteresis (sev-
eral °C, for example) to the temperature raising reference
temperature Ts. The controller 20 starts raising the tem-
perature when the temperature (battery temperature Tb)
of the main battery 12 is lower than the temperature rais-
ing reference temperature Ts, and terminates the tem-
perature raising when the battery temperature Tb reach-
es the temperature raising stop temperature Te.

[0035] Here, the charging process and the tempera-
tureraising process as described above are normally per-
formed in parallel. However, in the embodiment, in the
low-power state in which the maximum output power P
of the external power source 100 is lower than a pre-
scribed reference power A, the temperature raising proc-
ess is prohibited while the current charge value Cb is
lower than the charge reference value C1 and the charg-
ing process is preferentially performed. The reason for
this is as follows.

[0036] In general, the maximum output power P of the
external power source 100 differs depending on the type
of facility, country, region, and the like where the external
power source 100 is installed. For example, the maxi-
mum output power P supplied from the external power
source100 is prescribed by a law of each country or pri-
vate standards (for example, JEAC, etc.), and there are
some countries in which the maximum output power P
of the external power source 100 is low. In addition, there
are many countries and regions in which power quality
is low, and thus there is often a case where a nominal
power is not supplied.

[0037] In this manner, if the charging process and the
temperature raising process are performed in parallel in
the case where the maximum output power P of the ex-
ternal power source 100 is low, sufficient power for the
charging process cannot be secured, and hence time
required for completing the charging process may be sig-
nificantly increased. This will be described with reference
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to Fig. 2. Fig. 2 is a drawing illustrating a difference in
ratio of power consumption depending on the maximum
output power P. InFig. 2, Condition A shows a case where
only the charging process is performed in the low-power
state (P <A), Condition B shows a case where the charg-
ing and temperature raising processes are performed in
parallel in the low-power state (P < A), and Condition C
shows a case where the charging and temperature rais-
ing processes are performed in parallel in a normal power
state (P >A). InFig. 2, blocks with cross-hatching indicate
power to be consumed by the charging process, blocks
with gray hatching indicate power to be consumed by the
temperature raising process, and white blocks indicate
power consumed by other parts of the system.

[0038] When the external charging is performed, pow-
er is supplied from the external power source 100 to the
main battery 12. The power supplied from the external
power source 100 does not change by whether or not
the temperature raising process is performed. However,
when the temperature raising process is performed dur-
ing the external charging, a discharging amount from the
main battery 12 increases. Therefore, a substantial
chargeable power is reduced.

[0039] Here, as shown in Condition A, even in the low-
power state (P < A), when the temperature raising proc-
ess is not performed, power consumed for the tempera-
ture raising process is not necessary, and the power con-
sumed by other parts of the system may also be reduced.
Consequently, even in the low-power state, if the tem-
perature raising process is not performed, sufficient pow-
er for the charging process is secured. In the normal pow-
er state (P > A) as shown in Condition C, sufficient power
for the charging process is secured even when the tem-
perature raising and charging processes are performed
in parallel.

[0040] However, as shown in Condition B, when the
temperature raising process and the charging process
are performed in parallel in the low-power state (P < A),
power discharged from the main battery 12 is increased,
and the substantial chargeable power is reduced. Con-
sequently, sufficient power cannot be secured for the
charging process, which eventually increases time for
completing the charging process.

[0041] Here, when the plug-in connection is estab-
lished, it is generally considered that the user wants to
charge the mainbattery 12, but notraise the temperature.
In the embodiment, when it is determined that the max-
imum output power P of the external power source 100
is low and thus it is difficult to perform the charging proc-
ess and the temperature raising process in parallel in a
plug-in state, the charging process is performed first, and
then the temperature raising process is started if the bat-
tery temperature is low after the SOC of the battery is
sufficiently high.

[0042] Referring now to Fig. 3 to Fig. 5, charging and
temperature raising controls will be described. Fig. 3 is
aflowchart illustrating a flow of the charging and temper-
ature raising controls in the plug-in state. Fig. 4 is a flow
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chartillustrating a flow of a normal process in Fig. 3, and
Fig. 5 is a flow chart illustrating a flow of a process for
low power in Fig. 3.

[0043] The charging and temperature raising controls
illustrated in Fig. 3 start when the plug-in state in which
the charging plug 102 of the external power source 100
is inserted into the inlet 32 is established. In the plug-in
state, the controller 20 compares the maximum output
power P of the external power source 100 detected by
the power detector 36 with the reference power A (S10).
The reference power A here is a value preset in accord-
ance with specifications required for the vehicle, the ca-
pacity of the battery, performances of the heater 26 (the
power consumption of the heater 26, and the like), and
the like. The reference power A may be set to a value
that is capable of completing the charging process within
a prescribed time, for example, even when the charging
process and the temperature raising process are per-
formed in parallel. If the maximum output power P is not
lower than the reference power A as a result of compar-
ison, the normal process (S12) is performed. In contrast,
if the maximum output power P is lower than the refer-
ence power A, the process for low power (S14) is per-
formed. In parallel to these processes, the controller 20
confirms whether the vehicle is in the plug-in state or not
(816). Ifit is confirmed that the vehicle is in the plug-out
state, which is not the plug-in state (No in S16), the con-
troller 20 stops the temperature raising and charging
processes (S18), and terminates all the processes.
[0044] Fig. 4 is a flowchartillustrating a flow of the nor-
mal process. While the normal process is performed, the
controller 20 performs two processes; that is, the charg-
ing process (S24 to S32) for the main battery 12 and the
temperature raising process (S34 to S40) for the main
battery 12, in parallel.

[0045] In the charging process, the SOC (current
charge value Cb) of the main battery 12 is acquired first,
and then the current charge value Cb is compared with
the charge stop value C2 memorized in the memory 40
(S24). If the current charge value Cb is not lower than
the charge stop value C2 as a result of comparison, it
may be determined that the main battery 12 is sufficiently
charged, and further charging process is not necessary.
Therefore, in this case, the controller 20 does not start
the charging process and waits. In contrast, when the
current charge value Cb is lower than the charge stop
value C2, the controller 20 starts the charging process
ofthe main battery 12 (S26). In other words, the controller
20 turns the charging relay 34 ON to cause the external
power to be supplied to the main battery 12. While the
charging process is performed, the controller 20 acquires
the SOC (current charge value Cb) of the main battery
12 periodically to compare the current charge value Cb
with the charge stop value C2 (S28). If the current charge
value Cb is lower than the charge stop value C2 as a
result of comparison, the controller 20 continues the
charging process.

[0046] In contrast, if the current charge value Cb is not

10

15

20

25

30

35

40

45

50

55

lower than the charge stop value C2, the controller 20
stops the charging process (S30). In other words, the
charging relay 34 is turned OFF and supply ofthe external
power to the main battery 12 is stopped. After the charg-
ing process is stopped, the controller 20 detects the SOC
(current charge value Cb) of the main battery 12 period-
ically, and the current charge value Cb is compared with
the charge reference value C1(S32). Ifthe currentcharge
value Cb is not lower than the charge reference value
C1, the controller 20 waits as-is. In contrast, when a re-
lation Cb < C1 is established, the controller 20 returns to
Step S26, and restarts the charging process. Repeating
the same processes from then onward maintains the
SOC of the main battery 12 to a value not lower than the
charge reference value C1.

[0047] Subsequently, the temperature raising process
in the normal process will be described. In the tempera-
ture raising process, the controller 20 first compares the
battery temperature Tb detected by the temperature sen-
sor 18 with the temperature raising reference tempera-
ture Ts (S34). If the battery temperature Tb is not lower
than the temperature raising reference temperature Ts
as a result of comparison, the controller 20 determines
that the temperature raising process is not necessary,
and waits as-is. In contrast, when the battery temperature
Tb is lower than the temperature raising reference tem-
perature Ts, the controller 20 turns the heater 26 ON and
starts raising the temperature of the main battery 12
(S36). In other words, the controller 20 turns the system
main relay 14 and the temperature raising relay 28 ON
to supply power from the main battery 12, which has been
reduced in voltage by the DC/DC converter 22, to the
heater 26. Accordingly, the heater 26 generates heatand
the temperature of the main battery 12 rises.

[0048] When the temperature raising process is per-
formed, the controller 20 compares the battery temper-
ature Tb with the temperature raising stop temperature
Te periodically (S38). If the battery temperature Tb is
lower than the temperature raising stop temperature Te
as a result of comparison, the controller 20 continues
raising the temperature, and when the battery tempera-
ture Tb reaches the temperature raising stop temperature
Te or higher, the controller 20 stops raising the temper-
ature (S40). When the temperature raising process is
stopped, the procedure goes back to Step S34, and the
same processes are repeated.

[0049] Referring now to Fig. 5, a flow of the process
for low power will be described below. In the low-power
state in which the maximum output power P of the exter-
nal power source 100 is low, the charging process of the
main battery 12 is performed, and after the main battery
12 has been charged sufficiently, the temperature raising
process is started. Therefore, in this case, the controller
20 detects the SOC (current charge value Cb) of the main
battery 12 first, and then compares the current charge
value Cb with the charge stop value C2 (S60). If the cur-
rent charge value Cb is not lower than the charge stop
value C2 as a result of comparison, the controller 20 de-
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termines that further charging process is not necessary.
Therefore, the procedure goes to Step S68 to determine
whether or not the temperature raising process is nec-
essary.

[0050] In contrast, when the current charge value Cb
is lower than the charge stop value C2, the controller 20
starts the charging process of the main battery 12 (S62).
In other words, the controller 20 turns the charging relay
34 ON to cause the external power to be supplied to the
main battery 12. While the charging process is per-
formed, the controller 20 detects the SOC (currentcharge
value Cb) of the main battery 12 periodically to compare
the current charge value Cb with the charge stop value
C2 (S64). If the current charge value Cb is lower than
the charge stop value C2 as a result of comparison, the
controller 20 continues the charging process. In contrast,
if the current charge value Cb is not lower than the charge
stop value C2, the controller 20 determines that the fur-
ther charging process is not necessary, and stops the
charging process (S66). In other words, the controller 20
turns the charging relay 34 OFF to stop the supply of the
external power to the main battery 12.

[0051] Ifthe main battery 12 is sufficiently charged, the
controller 20 subsequently compares the battery temper-
ature Tb with the temperature raising reference temper-
ature Ts (S68). Ifthe battery temperature Tb is lower than
the temperature raising reference temperature Ts as a
result of comparison, the controller 20 turns the heater
26 ON to start raising the temperature of the main battery
12 (S70). In other words, the controller 20 turns the sys-
tem main relay 14 and the temperature raising relay 28
ON to supply the power from the main battery 12, which
has been reduced in voltage by the DC/DC converter 22,
to the heater 26.

[0052] When the temperature raising process is per-
formed, the controller 20 compares the battery temper-
ature Tb with the temperature raising stop temperature
Te periodically (S72). If the battery temperature Tb is
lower than the temperature raising stop temperature Te
as a result of comparison, the controller 20 subsequently
compares the current charge value Cb with the charge
reference value C1 (S74). If the current charge value Cb
is not lower than the charge reference value C1 as a
result of comparison, the procedure goes to Step S70 to
continue the temperature raising process as-is. In con-
trast, if the current charge value Cb is lower than the
charge reference value C1, it may be determined that
the further charging process of the main battery 12 is
necessary. In this case, the controller 20 turns the heater
26 OFF to stop the temperature raising process (S76),
and proceeds to Step S62 to restart the charging process
(S62 to S66).

[0053] The reason why the current charge value Cbis
monitored even during the temperature raising process
in this manner is because power accumulated in the main
battery 12 is consumed by performing the temperature
raising process. If a relation Cb < C1 is established as a
result of consumption of the accumulated power in the
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main battery 12 and a state which cannot be regarded
as being "fully charged" is recognized, it means that the
intention of the user who had made the plug-in connection
is not achieved. Accordingly, in the embodiment, the
SOC of the main battery 12 is monitored even during the
temperature raising process in the low-power state, and
the temperature raising process is stopped if the current
charge value Cbis lower than the charge reference value
C1. In other words, in the embodiment, the temperature
raising process is prohibited in a state in which the current
charge value Cbis lower than the charge reference value
C1.

[0054] Referring again to the flow chart, description will
be continued. If it is determined that the battery temper-
ature Tb is not lower than the temperature raising stop
temperature Te during the temperature raising process
(No in S72), the controller 20 proceeds to Step S78 to
stop the temperature raising process. Subsequently, the
current charge value Cb is compared with the charge
reference value C1 to determine whether or not the
charging process is necessary (S80). If the current
charge value Cbis lower than the charge reference value
C1 as aresult of comparison, the procedure goes to Step
S62 to restart the charging process. In contrast, if the
current charge value Cb is not lower than the charge
reference value C1, the procedure goes to Step S68 to
determine whether or not the temperature raising proc-
ess is necessary. From then onward, the same process-
es are repeated until the plug-in connection is released.
[0055] In the normal process and the process for low
power, a process for monitoring the external power
source 100 (S82 to S84 and S86 to S88) as illustrated in
Fig. 6 and Fig. 7 may be performed in parallel to the
charging process and the temperature raising process.
Fig. 6 is a flowchart illustrating a monitoring process to
be performed in parallel to the charging process (S24 to
S32) and the temperature raising process (S34 to S40)
in the normal process (Fig. 4). In this monitoring process,
the controller 20 always monitors the maximum output
power P (S82). If the maximum output power P is lower
than the reference power A (No in S82), the charging
process and the temperature raising process are stopped
(S84), and the procedure goes to the process for low
power (Fig. 5). Fig. 7 is a flowchart illustrating the mon-
itoring process to be performed in parallel to the charging
and temperature raising processes (S60 to S80) in the
process for low power (Fig. 5). In this monitoring process
as well, the controller 20 always monitors the maximum
output power P (S86). If the maximum output power P is
not lower than the reference power A (Yes in S86), the
charging and temperature raising processes are stopped
(S88), and the procedure goes to the normal process
(Fig. 4).

[0056] In this manner, even after the procedure has
gone to the normal process or the process for low power
in the Step S10, the charging and temperature raising
processes may be performed further adequately by mon-
itoring the maximum output power P periodically. In other
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words, when supplied power is not stable in the countries
or regions having a low power quality, the power state
may change from the normal power state to low-power
state or vice versa during the charging process. If the
normal process is continued even though the power state
is changed from the normal power state to the low-power
state, sufficient power for the charging process is not
secured, and time required for completing the charging
process may be increased. Even though the power state
is the low-power state at the time of the plug-in connec-
tion, if the state is recovered to the normal power state
thereafter, it is desirable to make transition to the normal
process for reducing time required for completing the
charging process or the temperature raising process.
Therefore, even after the transition to the normal process
orto the process forlow power in Step S10, the maximum
output power P may be monitored periodically to switch
the process to be taken in accordance with the maximum
output power P.

[0057] Referring now to Fig. 8 and Fig. 9, an example
of the charging and temperature raising processes in the
plug-in state will be described. Fig. 8 is a drawing illus-
trating an example of the charging and temperature rais-
ing processes in the normal power state (P > A). In Fig.
8, it is assumed that the charging plug 102 is inserted
intotheinlet 32 attime t0. The SOC (current charge value
Cb) of the battery at the time t0 is assumed to be suffi-
ciently lower than the charge stop value C2, and the bat-
tery temperature Tb is assumed to be sufficiently lower
than the temperature raising reference temperature Ts.
In this case, the controller 20 starts both of the charging
and temperature raising processes at the time t0. By
starting the temperature raising process, the battery tem-
perature Tb gradually rises. By starting the charging proc-
ess, the current charge value Cb also gradually rises.
However, at this time, since the temperature raising proc-
ess is performed in parallel to the charging process, the
rising rate of the current charge value Cbis relatively low.
Subsequently, if the battery temperature Tb reaches the
temperature raising stop temperature Te at time t1, the
controller 20 stops the temperature raising process. In
contrast, since the current charge value Cb does not
reach the charge stop value C2, the controller 20 contin-
ues the charging process. At this time, since the temper-
atureraising process is stopped, the amount of discharge
from the main battery 12 is reduced, so that the rising
rate of the current charge value Cb is improved. If the
current charge value Cb reaches the charge stop value
C2 attime t2, the charging process is also stopped. From
then onward, the controller 20 monitors the battery tem-
perature Tb and the current charge value Cb, and per-
forms the charging process if the current charge value
Cb is lower than the charge reference value C1, and re-
starts the temperature raising process if the battery tem-
perature Tb is lower than the temperature raising refer-
ence temperature Ts.

[0058] Referring now to Fig. 9, an example of the
charging and temperature raising processes in the low-
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power state (P < A) will be described below. In Fig. 9 as
well, it is assumed that the charging plug 102 is inserted
into the inlet 32 at the time t0 in the same manner as in
Fig. 8. The SOC (current charge value Cb) of the battery
at the time t0 is assumed to be sufficiently lower than the
charge stop value C2, and the battery temperature Tb is
assumed to be sufficiently lower than the temperature
raising reference temperature Ts. In the case of the low-
power state, the controller 20 starts the charging process
first. By performing the charging process, the current
charge value Cb gradually rises. If the main battery 12
is charged, the battery temperature Tb slightly rises by
heat generation of the electrical cells 12a themselves.
[0059] When the current charge value Cb reaches the
charge stop value C2 at the time t1, the controller 20
stops the charging process and, on the other hand, starts
the temperature raising process. By starting the temper-
ature rising process, the battery temperature Tb gradu-
ally rises. Since the power is used for the temperature
raising process, the SOC (current charge value Cb) of
the main battery 12 is gradually reduced. When the cur-
rent charge value Cb is reduced to a level lower than the
charge reference value C1 at the time t2, the controller
20 stops the temperature raising process and restarts
the charging process even though the battery tempera-
ture Tb does not reach the temperature raising stop tem-
perature Te. When the current charge value Cb is re-
duced to a level below the charge reference value C1 in
this manner, the temperature raising process is stopped
and the charging process is restarted irrespective of the
battery temperature Tb, so that the main battery 12 may
be maintained constantly in the fully charged state (Cb
> C1). Consequently, the intention of the user who has
performed the plug-in connection; thatis, the requirement
of the user to charge the main battery 12, may always
be satisfied.

[0060] By restarting the charging process, when the
current charge value Cb reaches the charge stop value
C2attimet3, the controller 20 stops the charging process
and restarts the temperature raising process. If the bat-
tery temperature Tbrreaches the temperature raising stop
temperature Te at time t4 as a result of the temperature
raising process, the controller 20 stops the temperature
raising process. At this time, since power is consumed
by the temperature raising process, the value of the cur-
rent charge value Cb is lower than the charge stop value
C2, but is larger than the charge reference value C1,
which may be recognized as being fully charged. There-
fore, the controller 20 does not perform recharging, and
waits as-is.

[0061] As is clear from the description thus far, in the
process for low power, the temperature raising process
is prohibited while the SOC of the main battery 12 is lower
than the charge reference value C1, and the charging
process is preferentially performed. In other words, the
priority is always given to the charging process until the
fully charged state (Cb > C1), which the user wants, is
achieved. Consequently, even in the low-power state in
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which the maximum output power P is low, the intention
of the user to "fully charge the main battery" is achieved
in a relatively early stage, and once the intention (fully
charged state) is achieved, the state of achievement of
the intention may be maintained.

[0062] Inthe embodiment, in the low-power state, the
performance of the temperature raising process is per-
mitted only after the main buttery has charged until the
current charge value Cb reaches the charge stop value
C2, which is higher than the charge reference value C1.
By charging the main battery in advance to the charge
stop value C2 in this manner, the surplus power required
for the temperature raising process may be secured.
[0063] Inthe embodiment, in the low-power state, the
temperature raising process is stopped and restarts the
charging process when the current charge value Cb is
lowered to a level below the charge reference value C1,
which may be recognized to be fully charged, in associ-
ation with the performance of the temperature raising
process. Consequently, the current charge value Cb may
be prevented from being reduced to the level of the
charge reference value C1 or below, which may be rec-
ognized to be fully charged.

[0064] In the embodiment, in the normal power state,
the charging process and the temperature raising proc-
ess are performed in parallel. Consequently, in the case
ofthe normal power state, both of the temperature raising
and charging processes of the main battery 12 may be
completed rapidly.

[0065] The configuration described thus far is an ex-
ample only, and so long as the charging process is per-
formed and the temperature rising process is prohibited
while the relation Cb < C1 is established in the low-power
state, other configurations may be modified as needed.
For example, in the embodiment, when the temperature
raising process is performed in the low-power state
(Steps S70 to S74 in Fig. 5), the charging process is
stopped. However, so long as the temperature raising
process is prohibited while the relation Cb < C1 is estab-
lished, the temperature raising and charging processes
may be performed in parallel while the relation Cb > C1
is established.

[0066] In the embodiment, once the main battery is
charged to the charge stop value C2, the charging proc-
ess is not restarted so long as the current charge value
is reduced to a level below the charge reference value
C1. However, the main battery may be charged to the
charge stop value C2 after the battery temperature Tb
has been increased to the temperature raising stop tem-
perature Te. In other words, after the temperature raising
process has been stopped in Step S78 in Fig. 5, the pro-
cedure may go to Step S60 instead of Step S80. In this
configuration, a state in which the surplus power a re-
quired for the temperature raising process is secured
may be maintained in addition to the charge reference
value C1 which may be recognized to be fully charged.
[0067] Although power is supplied from the main bat-
tery 12 to the heater 26 when the temperature raising
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process is performed in the embodiment, power may be
supplied from the external power source 100 directly
(without the intermediary of the main battery 12) to the
heater 26.

Claims

1. A battery system (10) including a vehicle-mounted
battery (12) that supplies power to a rotary electrical
machine for traveling and is rechargeable by external
power supplied from an external power source (100),
the battery system (10) comprising:

a power detection mechanism (36) that detects
output power from the external power source
(100) in a plug-in state in which the external pow-
er source (100) is connected to the vehicle-
mounted battery (12);

a charging mechanism (30, 32, 34) that charges
the vehicle-mounted battery (12) by the external
power;

a temperature raising mechanism (26) that rais-
es a temperature of the vehicle-mounted battery
(12) to atemperature notlower than a prescribed
reference temperature; and

a control unit (20) that controls the charging
mechanism (30, 32, 34) and the temperature
raising mechanism (26), wherein

in a low-power state in which the output power de-
tected by the power detection mechanism (36) is low-
er than a prescribed reference power, the control
unit (20) prohibits a temperature raising process by
the temperature raising mechanism (26) when an
SOC of the vehicle-mounted battery (12) is lower
than a prescribed charge reference value, and caus-
es the charging mechanism (30, 32, 34) to perform
a charging process.

2. Thebattery system (10) accordingto Claim 1, where-
in
in the low-power state, the control unit (20) causes
the charging mechanism (30, 32, 34) to charge the
vehicle-mounted battery (12) until the SOC of the
vehicle-mounted battery (12) reaches a charge stop
value which is higher than the charge reference val-
ue, and then if the temperature of the vehicle-mount-
ed battery (12) is lower than the reference temper-
ature, causes the temperature raising mechanism
(26) to start the temperature raising process.

3. Thebattery system (10) according to Claim 2, where-
in
in the low-power state, if the SOC of the vehicle-
mounted battery (12) is lowered to a level below the
charge reference value during the temperature rais-
ing process by the temperature raising mechanism
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(26), the control unit (20) stops the temperature rais-
ing process by the temperature raising mechanism
(26), and causes the charging mechanism (30, 32,
34) to charge the vehicle-mounted battery (12) to the
charge stop value.

The battery system (10) according to Claim 2, where-
in

the control unit (20) causes the charging mechanism
(30, 32, 34) to charge the vehicle-mounted battery
(12) after completion of the temperature raising proc-
ess by the temperature raising mechanism (26) until
the SOC of the vehicle-mounted battery (12) reaches
the charge stop value.

The battery system (10) according to Claim 3, where-
in

the control unit (20) causes the charging mechanism
(30, 32, 34) to charge the vehicle-mounted battery
(12) after completion of the temperature raising proc-
ess by the temperature raising mechanism (26) until
the SOC of the vehicle-mounted battery (12) reaches
the charge stop value.

The battery system (10) according to Claim 1, where-
in

the control unit (20) performs the charging process
using the charging mechanism (30, 32, 34) and the
temperature raising process using the temperature
raising mechanism (26) in parallel in a normal power
state in which the output power detected by the pow-
er detection mechanism (36) is not lower than the
reference power.

The battery system (10) according to Claim 2, where-
in

the control unit (20) performs the charging process
using the charging mechanism (30, 32, 34) and the
temperature raising process using the temperature
raising mechanism (26) in parallel in a normal power
state in which the output power detected by the pow-
er detection mechanism (36) is not lower than the
reference power.

The battery system (10) according to Claim 3, where-
in

the control unit (20) performs the charging process
using the charging mechanism (30, 32, 34) and the
temperature raising process using the temperature
raising mechanism (26) in parallel in a normal power
state in which the output power detected by the pow-
er detection mechanism (36) is not lower than the
reference power.

The battery system (10) according to Claim 4, where-
in

the control unit (20) performs the charging process
using the charging mechanism (30, 32, 34) and the
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10

10.

temperature raising process using the temperature
raising mechanism (26) in parallel in a normal power
state in which the output power detected by the pow-
er detection mechanism (36) is not lower than the
reference power.

The battery system (10) according to Claim 5, where-
in

the control unit (20) performs the charging process
using the charging mechanism (30, 32, 34) and the
temperature raising process using the temperature
raising mechanism (26) in parallel in a normal power
state in which the output power detected by the pow-
er detection mechanism (36) is not lower than the
reference power.
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